Abstract The effect of problematic use of the Internet on mental health, particularly depression among young people, has been established but without a probable model for the underlying mechanism. In this study, a model is presented to describe possible pathways for the linkage between Internet gaming addiction and depression possibly mediated by sleep problems. A systematic review was conducted to gather epidemiological evidence to support or refute the link between addictive Internet gaming, problematic Internet use, and sleep problems including insomnia and poor sleep quality. Seven studies were identified through a systematic literature search, of these three related to addictive Internet gaming and four on problematic Internet uses and sleep problems. Information was extracted and analysed systematically from each of the studies and tabulated as a summary. Results of the review suggest that additive gaming, particularly massively multiplayer online role-playing games MMORPG, might be associated with poorer quality of sleep. Results further indicated that problematic Internet use was associated with sleep problems including subjective insomnia and poor sleep quality.
Introduction
Excess use of the Internet has long been a concern as a (problematic behaviour of human interactions with information and communication technologies [1] ). Researchers have used different ways to describe such behaviour including: "compulsive computer use"; "Internet dependency"; "pathological Internet use"; and "Internet addiction" [2] [3] [4] [5] . While the condition called " Internet addiction" is not yet fully recognised as an established disorder and the controversial debate is still on-going, Internet Gaming Addiction (IGA) has been listed as an emerging disorder worthy of further investigation in the latest version of the Diagnostic and Statistical Manual of Mental Disorder V (DSM-V) [6] .
The association between problematic or pathological Internet use (PIU) and mental health, particularly depression, among adolescents has been well documented and reported in the literature [7] [8] [9] [10] [11] [12] . In the most recent review of studies up to early 2010 on the relationship between pathological Internet use and psychopathological co-morbidities, it was reported that depression had the most significant and consistent association with PIU among a number of the psychopathologies investigated [12] . However, a major drawback from these studies was that all but one were cross-sectional studies, thus limiting the ability of the review to draw any conclusion on the causality of the relationship [12] . In attempting to establish the possible causal relationship between PIU and depression, a longitudinal study on healthy young people, aged between 13 and 18 years who were depression free, was conducted by Lam et al. in China [13] . Results indicated that, after 9 months of exposure to the Internet, moderate and severe problematic users were about 2.5 times more likely to develop depressive symptoms and scored high enough on the Zung Depression Scale to be clinically significant in comparison to the normal users [13] . Other longitudinal studies conducted subsequently also yielded similar results [14, 15] . These studies suggest a potentially causal relationship between PIU and depression.
In terms of the usage of the Internet, particularly among adolescents, studies suggest that the most common purpose was playing games. Furthermore, playing online games were shown to be significantly associated with PIU [16, 17] . An experimental study was conducted on the effects of playing different types of video game, including the massively multiplayer online role-playing games (MMORPGs) that involved many players playing an online role playing game, other single player Internet games, and games playing with a console, upon the general health and psychosocial wellbeing of university students. It was found that students who had played MMORPGs for a month differed significantly from other types of games with worse health, sleep quality and academic work [18] . Hence, it would be logical to assume that the most problematic use of the Internet is online gaming. In line with this thought would be that the association between problematic Internet use and depression is likely to be a reflection of the relationship between Internet gaming addiction, in the context of the current DSM V conceptualisation, and depression [7, 19] . Hence, the primary focus of the current study will be on Internet gaming. However general problematic Internet use is still a concern and will be included in this study as a secondary focus.
Many explanations could be offered for the association, or a potential causal relationship, between Internet gaming addiction and depression. Figure 1 depicts a possible conceptual model for the hypothesised explanatory causal pathways. Among many other possible pathways that may involve different risk factors, three major components have been proposed in this model. First, it is hypothesised that addictive Internet gaming may induce sleep problems, including insomnia, short sleep duration and poor quality of sleep, and in turn, lead to the development of depression. Second, the addiction to Internet games may generate stress and anxiety in gamers and becomes the procuring conditions for depression directly [20] . This model also hypothesises that stress and anxiety may also interact with sleep problems in inducing depression. Third, as suggested by the finding of a growing number of studies on PIU using neuroimaging techniques, there is a strong possibility of a linkage between addictive Internet gaming and depression via some bio-physio-psychological changes resulting from neurological alternations [21] . There could also be an interaction among all three components as suggested in the model. These are potential avenues for further in depth studies. Owing to the scope of the current review study, it would be an impossible task to include all components of the proposed model. Hence, the study will only concentrate on the first possible pathway; the relationship between Internet gaming addiction, or PIU, and depression via sleep problems, including insomnia and poor sleep quality.
It has been well established that sleep problems play an important role in the pathophysiology of depression [22] . The majority of patients with major depressive disorder or bipolar depression also suffer from severe disturbances in sleep architecture [23] . It has been recognised, particularly among adolescents, that sleep disturbances are a common co-morbidity with depression, and that the two conditions have possibly mutually maintaining influences on each other [24] [25] [26] . There has also been growing evidence indicating that sleep disturbances, especially insomnia, is an independent risk factor for the onset and the recurrence of depression [27] [28] [29] . In a recent meta-analysis of longitudinal studies examining the relationship between insomnia and depression, it was found that patients with persistent insomnia had a twofold increased risk for depression [30] . In order to provide evidence for the hypothesis that sleep problems play a mediating role in the relationship between Internet gaming addiction, or PIU, and depression, it is essential to demonstrate the possible linkage between addictive Internet gaming, or PIU, and sleep problems.
The aim of the study is to systematically review the current literature to elicit epidemiological evidence supporting or refuting the association between Internet gaming addiction and sleep problems, including insomnia and poor sleep quality, as well as to explore the relationship between PIU and sleep problems.
Methods

Search Strategies
The search of the literature followed a systematic and structured approach adopting the PRISMA guidelines for systematic reviews and meta-analysis [31] . The search included all publication years (till January 2014) using the major medical, health, and psychological literature databases including PubMed, MEDLINE with Full Text and PsychINFO. The keywords used for the systematic search were: ("excessive Internet use" or "problematic Internet use" or "pathological Internet use" or "Internet addiction" or "excessive computer use" or "Internet gaming" or "computer gaming" or "Internet gaming addiction") AND ("insomnia" or "sleep problems" or "sleep quality"). Included in the search were articles published as reviews for the purpose of identifying relevant studies. However, these review articles were not included in this systematic review. Further limitation was imposed on the search for publications in the English language only. After completing the search on the electronic databases, titles and abstracts of the identified articles were assessed for their suitability to be included in the review. Additional searches were also conducted on other "grey" literature database such as Google scholar. After assessing the titles and abstracts, full texts of the articles deemed suitable were retrieved for further examination to determine their final inclusion in the review. Furthermore, the reference lists of the selected articles were also examined for additional suitable publications that might have been overlooked in the previous search.
Selection Criteria
The following criteria were applied to the selection of suitable articles: 1) epidemiological studies with appropriate study designs; 2) examined the relationship between playing Internet games, problematic Internet use, and sleep problems including insomnia and sleep quality; 3) provided information on an estimate of the strength of association. Conference proceeding, abstracts, and non-peer-reviewed journal articles were excluded from the review. Since the review primarily focused on the relationship between Internet gaming and sleep problems, game playing using other devices and via other mediums did not satisfy the selection criteria and were not included in the review. No age limits were imposed as a selection criterion.
Information Extraction and Analysis
Data was extracted from studies meeting criteria on the relationship between addictive Internet gaming, problematic Internet use, and sleep problems, and tabulated for further analysis. This included the location of the study, study design, study sample, assessment of the exposure and outcome variables, analytical approach, estimated effects, and other information or remarks relevant to the study. This was then summarised and presented by exposure types as Internet gaming addiction and problematic Internet use.
Results
An extensive search was conducted following the aforementioned procedures resulting in 14 potential articles for inclusion in the review. Only six met the selection criteria and contained suitable information. An extra study on the relationship between Internet gaming and depression was also included in the review. The reasons for the inclusion of this particular study were twofold. First, sleep problems were considered as a mediating factor between Internet gaming and depression that was in line with the purpose of this study, which aimed to demonstrate evidence for such a relationship. Second, the study also provided an estimate on the relationship between Internet gaming and sleep problems. As a result, three studies on Internet gaming and four on problematic Internet use were included. Detailed information was extracted from these articles and summarised in Tables 1 and 2 .
Internet Gaming and Sleep Problems
Of the three studies satisfying the selection criteria, one used an experimental design that randomly allocated participants into different game playing groups including massively multiplayer online role-playing games (MMORPGs) and other game types [18] . The other two studies were cross-sectional surveys of online gamers, particularly those involved in the MMOPRG game World of Warcraft (WoW) [ playing Internet games at different times of the day and depression, thus the primary outcome was depression. However sleep problems particularly insomnia, measured by the Insomnia Severity Index, was included as a potential mediating variable. Varying methods for data analyses were applied in these studies, ranging from simple comparison and multiple logistic regression modelling, to multivariate structural equations with adjustment for potential confounding variables. On the whole results obtained from these studies suggested that problematic or additive gaming, particularly MMORPGs, might be associated with sleep problems, with poorer quality of sleep and shorter sleep duration (Table 1) .
Problematic Internet use and Sleep Problems
In terms of the relationship between PIU and sleep problems, four studies were identified to fulfil the selection criteria [34, 35, 36•, 37] . These studies were all conducted in the East Asia region including two in Taiwan [34, 37] , one in Korea [35] , and one in Hong Kong [36•] . In terms of the study design, all four were cross-sectional surveys with three conducted in a high school class room setting [34, 35, 36•] , and the remaining recruited university students at health clinics [37] . All except one were studies with a large sample size of more than one thousand participants. Three of the four studies used Chen's Internet Addiction Scale (CIAS) [38] and one used the Young Internet Addiction Test (YIAT) [39] for assessing PIU. For sleep problems, various methods were employed. Yen et al. used the Athens Insomnia Scale (AIS-8) [40] for assessing insomnia, two studies used the Pittsburgh Sleep Quality Index (PSQI) [41] , and one used three questions with a rating scale. Most of these studies conducted multivariate regression modelling with adjustment for potential confounding variables. The results of these studies indicated that, on the whole, PIU was associated with sleep problems including subjective insomnia, short sleep duration and poor sleep quality ( Table 2 ). The results suggested that participants who had experienced insomnia were about 1.5 times as likely to be classified as a problematic Internet user in comparison to those who had no sleep problems (Table 2) .
Discussion and Conclusions
This review has been conducted following the structured PRISMA guidelines for systematic reviews. Through this process, seven studies were identified to have fulfilled the selection criteria and contained potentially useful information to address the question of whether addictive Internet gaming and PIU are related to sleep problems including insomnia and poor sleep quality. As summarised in Tables 1 and 2 , these studies provided some evidence to support a possible linkage • sleep duration was measured by a single question of how much sleep they usually had during a week days and weekends. between Internet game addiction and sleep problems, but more so for PIU and sleep problem. However, the evidence derived from these studies, though suggesting a relationship between PIU and sleep problems is weakened by problems relating to the quality of these studies. As highlighted in the summaries, several weaknesses in the quality of these studies have also been identified. The first is the problems with study design. All except one of these studies were cross-sectional surveys which do not provide strong evidence for a relationship, particularly a causal relationship, between the exposure and outcome variables. The second is the issue of the sampling of participants. Studies on the relationship between Internet gaming addiction and sleep problems used convenience sampling technique for recruiting participants with two studies using online volunteers. These strategies for sampling and recruitment have subjected these studies to sampling and selection basis limiting the generalizability of the results obtained. Studies on the relationship between PIU and sleep problems were of much better design in terms of sampling technique and recruitment. Three of the four studies utilised the proper random cluster sampling techniques with stratification for the recruitment of study participants. Moreover, these were all large scale studies with more than one thousand participants. These measures ensured that the sample is representative, as well as powering the study for a precise estimate of the effect of the exposure. Third is the issue of the assessment of the exposure and outcome variables. In terms of the methods of data collection on both the exposure and outcome variables, the majority of these studies utilised self-reported questionnaires. In epidemiological studies self-reporting as a means for data collection is known for the short-coming of potential report bias. As a result of report bias, misclassification problems may arise for exposure and outcome status such that individuals may be misclassified into exposure or non-exposure, and case or non-case groups. However, given the nature of the subject matter, it is unlikely that respondents will be motivated to report in a socially desirable manner. As a result these misclassifications are more likely to occur in a non-differential manner for both exposure and outcome status. Hence, the estimated effect of the exposure on the outcome may be either over or under estimated in these studies. In terms of the actual measurements of the exposure variables, of the three studies focusing on Internet gaming, only one actually assessed Internet gaming addiction using three different instruments [32•] . The others measured the type of games played and timing of playing Internet games [18, 33•] . Hence, these are not actual assessments of Internet gaming addiction, but only proxy measures of the problem.
For the assessment of PIU, all studies used validated and standardised instruments specifically designed to measure the construct of PIU [38, 39] . As a result measurement bias was minimized. For the assessment of the outcome variable, namely sleep problems including insomnia and poor quality of sleep, various methods were used in these studies ranging from open-ended questions, multiple questions, to validated scales such as the Insomnia Severity Index [42] , Athens Insomnia Scale [40] and PSQI [41] . It is worth noting that in some studies, such as Cheung's, the authors utilised the PSQI, not only as a measure of sleep quality, but also as an assessment of insomnia claiming the cut-off of a global score >5 indicated insomnia [36•] . This may be an inappropriate usage of the PSQI and the cut-off of the global score. Based on the above analyses, including consideration of the quality of the included studies, the epidemiological evidence provided by the studies conducted so far on the relationship between Internet gaming addiction and sleep problems is not strong. On the contrary, the results from the three studies reviewed could only be considered as suggestive. The reason for a lack of evidence is may be due to the lack of well-designed studies on the specific issue of Internet gaming addiction and sleep problems. It is understandable why there are so few studies in the area given that the problem of addictive Internet gaming has only recently been recognised as a potential disorder with a defined set of diagnostic criteria for further investigation. With the recent inclusion of this diagnostic category in the DSM-V, it is anticipated that more studies with better study design will be forth-coming to provide stronger evidence for such a relationship. For the relationship between PIU and sleep problems, results from this review suggested a more strongly positive association between PIU and insomnia. However, given the cross-sectional study design of these studies, evidence for a causal relationship could not be established.
In conclusion, few studies have been identified that satisfy the selection criteria with good study designs from the current literature. The results of the review found that, due to the limitations of the available studies, the evidence provided is insufficient to be conclusive and can only be considered as weak in strength. This has highlighted the need for well-designed studies with a clear focus on the relationship under investigation, strong research methodology, and the use of valid approaches for the assessment of the exposure and outcome variables. In terms of the application of the review results to the proposed pathway between Internet gaming addiction and depression via sleep problems, it can only be concluded that there is insufficient evidence to support such notion with the current limited studies. Given that Internet gaming addiction is a rather new phenomena that has only recently received more attention in the psychiatric and psychological arena, it is anticipated that more welldesigned and refined studies that could provide stronger evidence will be forth coming to support or refute such proposal. Until then, the proposed model remains as a potentially working hypothesis.
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